The permittivity and dielectric loss tangent of singlecrystal quartz, cross-linked polystyrene (Rexolite), and polytetrafluoroethylene (Teflon) were measured at microwave frequencies and at temperatures of 77 I ( and 300 K using a dielectric resonator technique. Application of high-temperature superconducting (HTS) films as the endplates of the dielectric resonator made it. possible to determine dielectric loss tangents of about 7 x at 77 K. Two permittivity tensor components for uniaxially anisotropic crystalline quartz were measured. Although the permittivities a t 77 K changed very little from their room temperature values at 300 1<, large changes in dielectric losses were observed. The decreased loss characteristics of these microelectronic substrates can markedly improve the performance of many microwave devices a t cryogenic temperatures.
Introduction
The performance parameters of many microwave devices depend on dissipation losses at the operating frequency and ambient temperature of the device. Often these performance parameters are limited by dielectric substrate losses. Many attempts have been made to characterize the dielectric properties of materials which are used for deposition of HTS films [l-31, which possess unique crystalline lattice structures that allow adherence of the HTS film. The dielectric characteristics a t cryogenic temperatures of other commonly used microelectronic substrates are also important in <messing potential performance gains of microwave devices operated a t low temperature. In this paper a very sensitive method is used to measure permittivity and dielectric loss tangent of cylindrical samples of dielectric substrates. This method makes it possible to measure dielectric loss tangents on the order of accurately.
Measurements
The resonant system which was used to measure permittivity and dielectric loss tangent at cryogenic temperatures is shown in Fig. 1 
where Qu is the unloaded Q factor for the resonant system with dielectric sample, Qc is the Q factor depending on conductor losses, and p e is the electric-energy filling factor, which can be computed from the permittivity of the dielectric sample under test. 
Summary
Use of the sample under test as a dynamic dielectric rod resonator and HTS films as endplates of the resonator allowed accurate dielectric substrate measurements to be made at cryogenic temperatures. With proper identification of excited hybrid modes, the tensor permittivity components of uniaxially anisotropic materials may be determined. Generally, permittivities of the tested dielectric substrates at cryogenic temperatures varied little from their room-temperature values. However, changes in dielectric loss characteristics at cryogenic temperatures can be significant. When dielectric losses in substrates are important i n microwave device application, they should be measured and specified at the operating temperature and frequency.
